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(54) PLASMA PROCESSING DEVICE AND PLASMA PROCESSING METHOD 
(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a high 
performance device with high yield by operating a 
capacitively coupled discharge means and an 
electromagnetic radiation means by the aid of high 
frequency electrolysis together and processing a sample 
by the produced plasma. 

SOLUTION: The energy supplied to plasma has two 
passages, i.e., a capacitive coupling and high frequency 
field heating and the energy situation of electrons can 
be varied by changing the power distribution ratio for 
each passage. If the thickness of a quartz plate 4 
located in the upper part of a process chamber 1 is 
increased, the impedance for capacitive coupling is 
increased so that the ratio of electromagnetic radiation 
is increased and the energy level of the electrons is 
increased. If the space between a high frequency power 
source 7 and an earth ring electrode is reduced, the high 
frequency field is intensified and thereby, the ratio of the 
electromagnetic radiation is increased and likewise, the 
energy level of electrons is raised so that the decomposition of carbon fluoride gas is advanced 
and the etching speed of a silicon film is thereby improved. The etching characteristic can be 
optimized by adjusting the thickness of the quartz plate 4 and the space between the high 
frequency power source 7 and the earth ring electrode in order to control the decomposing 
condition of the carbon fluoride gas. 
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*>< ^ X^ffig^if ffii? & c <k £ ft® £ ?- & 

#B<D««£. -*<DiEftf=ttlffeffnBKJI&ttEa>nift 

fcm*£A^$fi££fti>c££t$& < ht-a:7^X?4!a3I 
Si. 

i= * y «as-r e *«» ufc c t GWktt 

[K#«7] W**6(=fet\T. fJIB^ia;fimi?l^,fcS 

ft a c t ^-rs ^5X-7jnass 0 
[is^3S8] w#ii7Kfc^-c, vnessmzmtitmb 

[«#Jg9] »*«6l=fel,%r» ltTESJItt«J»|::J:« 
«tttttttt£B:fi<. ttttfi<ll&«Kfl&«flE**-;K?*i 

EP AD Lfc&Si $ life C, $ ;K-S d t £ <»: f 

i=* sanas jaw Ltztfitmzzr^x^mm-? 



[»*Jg 1 3 ] ^X^flm^rt-c^gjg^i- j; y ^ 
XT*»4$-&*t*| =% IMB^XTitifcKaSW* 

1#at ? -5 ^ Xv«vai35rs£. 
Ht#Jg1'4] R#JSi 3lzfcl\r. ffJEHI«aftA<* 

S-T -5 C t $ ft® <fc f -5 ^ XvfliaTj ?£p 

[ftnaiMiB&ttB] 

[00 0 1] 

• HSU tfrl=¥V«tT/WxW&A*^*?-0«M/<9— 

>$-JKfig-ri>roi=ST5i^E^x?x-/^>y > %ffltit& 

^P<Dff$fiKf = » SS/cC ^7 X7 C V D SQSfc t*0> X"7 

. asMtatf ^x^«HD*»i=»r*. 

[0002] 

^vX-7«aasB»«^X7ffia^at ur. 

■'4-2 3 9 1 2 »8-1 95379 

— v * (SM Lfc x ■y f- > yjaa $ f-s t ©-cs, 

wsiittrog+ifc^x-7«tta$ii^-r-5 : fc<Di?fe 
[0003] l^l. c+ie.ro«e*tt{siifiissffiizA 

^^©J;y^«^jbLfc^«:m^©^ 

[0004] 

< se-r-ssa© i oi*^5X-7cfc®^-ffi 
[0005] z.o)-j*7x-?tpm : F<Dx.*)i'i?ftmit9iim 
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[0 0 0 6] 2) *^0^TMi{£>3<D<fc5^^P-tX^f* 

a3tL/z^x^*a)i:^x^;u^©i^s^fii«-r^ 

[0007] 3) Ba«?x^>$f % ^flSx^T>y 

K^pJ^fc^i^uS. 5v*;ufi£$flgp^&:^X^ 
*<D«^x*;u*tt»<DaiEfl;. 13* y Jg&flig. -gfg 

ssaa. taa««iaA<BafitB*sx^^>y»s6j3«fc 

tfx^^>yBtB*««-rSctlt&4 D 

[0 0 0 8] 4) ^X-7CVD-ettJ5EI8#X<D^X 
ft 0 ^X^*a>BT-x*;u^«ffia)HiEfcl3cfcy. IB 

ftt«Ba«*<iBsc-c*4^x^cvD»sfe. 

■7 C V DgB£|g m+ & C fc |3&£ 0 
[0009] 

1) efitt6ttBl3cfcS:^X-7«£*gL ^<7)^X 

v*i=Kjaa«»(zj:y«»sftsttW'r**«; 13* y 

[0 0 10] ^tLl^cty. BT-<DX*;u*(*B«»l3cfc 

y«w-e#*cfc3i=<i:y. 8fitt$j&a£Btt»tti*i= 

«iaaF*i*a*w^sjEx.4ci:(= € ky. :^x-7*<d 

i?*;ua*<«l»T?**t*i=^x^©ffljs»ffit«W 
[ooi 1] 2) ±e*Sfcl*a3ii::* S££-r&B«;& 

o>a»&«rssK^(=tt««»A^&tt«ft^eir£ 
[0012] cixiz^y. ^x^oa^tec^BK 

«cfc tj X^iU^ttl&Sna^X* jU^ttiRSMni-t? 

# * t aata^iiff -r * c t iz* y kcx*^ 

[ooi 3] 3) ±ea«a>at«auK«jR^ti 
«a«»a)Ha»i=»L, b^im ? □ h □ >#n§*<fg 

[0014] cH(3*y. ^X-^cDa^i-^&x 

So 

[00 15] 

hi smivcBiwrrso 

[0 0 1 6] Hll=fcL^r. «&SS: 1<D*I=I*Xt— 
S?B&: 2. fctfaBS: 3*WflLTRlt&*lTl**. 



[0 0 17] Xir-vB& : 2l=(4fliaSfi : 5 *<»B 

y^x-efflanaofflaaitiE: B^ssait^^,^ 

5l3fcoTl*So *fc* Xf-vil : 2|Zf*fll^Sffi 

*>o>x*;^&«»-r*y<-f Txaaa 

(2MHz) : 6*<»«S**iTl^*. 

[0018] ^rama : 3(iEn?ftEnsn'j >yaa : 3 

a. 3 b. t5*tf7-X'J>ya«: 3c^6«otfe 

y. KHafiBPany >^aa :-3a % 3 b i3(*ioomh 
zosjaftaas : 7*<ft«s*vT*>y. r— xy>ya 
a : 3ci*»t6a?*iri^6o 

[0 0 19] : 1 <7>nJSl3l*a'OU : 8*<K(t& 

[0 0 2 0] *(3*-Safi«l3.cfc*X^^>y«iaT?fl!> 
[002 1] Xf-^Iffi : 2 13 SaSSS : 5 £«8A 

u KM-rSo ia*ue:i^x^^>y#xflt<&sacfeys 

fflas«a>jE**<i Pai3«:6«fe5»as«ai-rSo 5a 

R* *>U3i>ttA^jasHrL^* D ca)HSS^xf 
-vlg: 2lc»aMI=SR»Sli-4i:i:tl=. HSU* 

i^y^A*x«»iHcfeyatEfcXT---^aa: 2<dih 
[0022] »fRia«-efc4KHaa«iDy >yaffi: 3 

a. 3 b(3l OOMHza>HHRB;*l£l . 5KWgAL, 
»ai=*y:7^jX-?£*£Si*-6 0 BJH«H«iny>4fB 

a : 3a. 3 b&fluna>xs«nft(Dniitt«3Cfi : 

4T*#»S;h/Cl*4fctf>* ^X^lzfclv*"*!*;!,^ 

a>«ttfti*Mtt*i=ckyfT*>*i* 0 v— 
75 x^ (DSBI3 j^fig $ *i fiaiww^ * i^tz&bm^o x 

[0 0 2 3] aaSftBPtoy>ya« : 3a. 3bt7- 

xuxfaffi: 3c(Dini3ttan»affE^«Adti. 

as*i6tL^5*5i=a«aa&«tt»**i«. §s$s£i3 
*4ttai3«fey. ^vXTffitti*i oio/cm3i&a)i3ar 
*fc». »»4*i*a»att^XT*izjifTttffl*3»: 

BJHc*yB*l*I«*ttii*9*ix^iU*t«it»*cfc 
*<ffl*6 0 C<Di§^. x^^u^ftaitWia^-ttBStE 
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[0024] ^<D&o\z*-mmmv\zy^x^\z&:& 

mi-ZZmz-Z - <t r-m^<&x*;u*tt;fl££*.& c £ 
ft^. 53£ft<DJi ft 

[0 0 2 5] : 6cty 2MHz<7>£JSXa2) 

*5 00WaA-rftfc7 00Vppfl!>aiEA<«*L. ^ 

[0026] S^<Dx*;M?u^u*<^<t. ftitlitm 

>^a>x^^>y^jtA<ip]±*r ft 0 c<j>«fc5£a* 
x^s^ai^e^^ttx^^^yBfaDWtttaitiziB 
< fcy . »»*<ii*<pi^jfc#^ttiBT— /<»«iz3sy-¥> 
■r i\> <<< xoaut-eufBtKn-e & ft® it v y 

n >®0>x ^iiJSlz^f 'J =i >^(7>x 7f> 
^&j££tti3feftf£lt/h£< L; x*y^i/yBra3Ktttai 

tt»fl:»***X(D»»ttKS3i«l|zS|»L. M#«n 

[0 0 2 7] *«BWt»f*Sfe(=ift^<fc«»:3l=. =E38«<D» 

SEJBa , j>yaatT— xu>ya«a>MiB*sw 

[0 0 2 8] *fc % SnttSUny>{f«« : 3 a. 3 

[0029] *-*tt«ii=j3it*-ta>ffia>«^-x- 

[0 0 3 0] Bra»HUiny>y«« : 3a. 3bt7- 

x'j>ym®: 3ca)mf=ttKn»aiiLE^»fiK$ti. 

«T?tt*OTfcttT?fcofcfcto* Watt^Xv*!: 

afritta**** 5*tBifi«a)«Ticx*iu*ttitift-r* 



aE*»aa>«wi=j:y. a^ic^ax*;^^^* 

«L, a«ttB^x^;u*ttffi|-«fBl-c#4j;5|-L 
[003 1] 10 0MHz<DJBSM»-et>* mm^WfitiL-th 

BJSJftfllff^&a^filtK-Bx*;^ 
tttt^fcy, «^0>x*;u*ttlBSfl|3&v|zKto4/£i+ 
T-fcfto *©fc*7i;*;ua>4ja<j:i:iSx*;u*a>BT 

[0 0 3 2] 1 0 OMHzT*<7)mT-^-r<7P Sa>^HS^ 

fici-raassai=ift^3o-4 0Gi=»s-r«i:. as 
a<DKHa«»^&^x-7*<DBTi=*!i*<fc<x^u 

[0033] C0>£dt^ «i§?$]t£^;LftZ<tlZ<*: 

y. 7v^;u^^fi£-r*<Dic3lLycUK;u^b-f *>it 
u^;uJsl±*-T?«- : ?-a>x*;u^SfSiHHi"e#. &*i3$Jg<7> 

Bfiicj;yx^^>^*-xfl>»»«ai$a«iitL. x-y 

[0 0 3 4] *»Ma>flk(D*llfifliJSH2lz^L. H2£ 
JHlvCBUWrft. 

[0 0 3 5] *-3!S£#lJI*EI 1 \Z7frttofaW& : 3 £ JT2 
fiEf* JSJaJfiBWHPJ : 3a. 3 b. fccfct/T— 

!£0ijT-fcfto 

[0036] m2\z^£o\znm : ,8imnz?is— 

8:10, T-X^U-h^«l : 1 1 fr&jfcy, < L# 

f=ffi*t-r*SHaa«ip^u— has = 1047- x:/u 

i^KMLfciBCIHai=*y«»a3ft«ft«**L* 0 * 

K«aaiap^u— h*<^ j 7X-7iz»uefi«*&f=«»: 
ya*ttti&'r*jStiarfl)Si«Efl!ii trai:-ca&*o 

[0 0 3 7] tt*X*j^«||«lBl|=fc^-r4i||f* % fiS 

[0038] *«^cDt,5 1 ^oakommm^ 

[0 0 3 9] 03IZfclvr. mmM : 2 0(D*|Z|*X^ 
-VIS : 2. ttffl'tta : 2 1 A<«ffi]LT^Itb*lTfc 

y • ffl^s : 2 o k&mmiz&mvt :22a. ^« : 
2 2 bi=*y«6»s*t*fci:*,iz % fiass : 2ot©ti 
*»ttRffii/— ;u«»fcftoTJsy. ffls^: 
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1 OOMHz<DW>mi&mM : 7. P^/U7<^ : 23 
[0 0 4 0] ffllS: 2 0I*T— XJZ^ife^tiTfcy. 
»JtM-*J:5l::£:oTl*So flV^S: 20\Z\t® 

[0041] Xf-vlg : 2|=(*«l31«fi : 6A<ttC 

y^7X7fti*o)ftisfi: 5 0>;afts«iaitf#*«k 

(2MHz) : 6, vW/U7^M : 2 4 3&<ttt8S;|vC 

[0042] &\z&-mmm\z&&3Ly^^?$imr+<D 

[0 0 4 3] g!3IZfcl^T. Xf-vll : 2|=ffl9£ 

titisia«fcyRsafia>_x^^>//*-x (»fbK*3R** 

X) £t*|&U rta>EE*i*>< 1 Pal:45J:5»« 

'J q>B. 5/ya>Btf»fifcS;fcTlv5 0 C<7> 
fflilSSXf-vlg : 2(z»Bttl=»»Sl*fti:i: 
tic. B^Lftl^ij^A^^jB^y^^^^-. 

2©nizHe**^*tMftL. *M»ttO>Xry* 

[0044] fcfraiati : 2 i \z 1 o oMHzooBEjssKaai 
^ 1 . 5 kwsau i&m\z&i.) y^x^^n±m 

*U ^XTlzfel-xf *x*;^©«|6ra:ftfte^|zj: 
$*i^m^(*/h$l^^m^0)x^;u^^(i-7^x0 

[0 0 4 5] »|Ria« : 2 1 fc«ftH£ : 2 OflDKHzttB 
[0 0 4 6] =J-<A,: 8 U ffi5*§B£ff2fi£-r 

[0047] 1 OOBfeCDJifcBre*. 

*C&& 0 ^a)fcto7e>^;ucD^iK^t*<£x^;u^oaT 

[0 0 4 8] 1 0 0MHzt?<0aT-th<^P hn>&®£ 

ec-rfis^siziSL^3o-4 0Gizss-r4t. ®& 



BEx-ftZilz^y, 3 is J) &<D\zmLtz[s<-< 

[0 0 4 9] /^771S : 6*y 2MHz(Z>BJB««;tJ 
£5 0 0W&A^&<t7 00Vpp(D®IE#^£U ^ 
X^ &a>-f 7h >tt C(DmET*iPii$+iSffi(z A« L . 
Sfi8Btflt-f t ><D7^Z HCckU, ^X^lcjcy 
»»**Lfcx^^>^#x (»<bft*3R**x) t»ft:-> 

[0 0 5 0] BT-<DxrM,*u/<;uA<Bl*fc % «<bj»5R 

>Ba>xv^>yajK3Wra±-rfi. *fc. ca>*dtt*r 
x^®A<it>^/£^#T?iix^^>^^tttiS@:iz5fi 

< &y . »»A<ii*fttxft#TfttlB-r— /^«(z«i:y-V> 
f L x 0 tpmto x / < -f x <DM jftT? f * ffilit* ft -5 g|{b v y 

=i >m<Doc v r > & v u =3 >ia)x *v ^ > 

y»S£ttl*«*:lt/I**< U x^^>yBfffi^«tUi 
[005 1] *»HT?l*OTMfcfc*-*Z£-e. 

te/ya^Box^^^yaait, xv^>y»«3&4f 

0>x ^ >ytttta>«HMt jM3E;J!j*>x * * >y XS8 
[0 0 5 2] S&lz. *»W<Dt3 1 o<Difea)*j|s«s 

B4i=su ni4£fflixrsiB^-r «. 
[0053] *—mmm<D&&mm*m 3 izgtt ^jfc#j 

[0 0 5 4] H4fzfcivt\ : 2 0f£7— 

ttS*VC 8 OOKHzCD/W^xm^S : 2 5. 1 

0 0MHz<7>/vf/<x:?-f;U$r : 2 6A<»«Six-CLx* 0 

[0 0 5 5] ^f-^lfi : 2l=J4H*LftL^aantt 

««*<»^a**iTfiy . «ftssffi£ma^e> soot 

[0 65 6] *|Z. *-j|JISCyi=ckS^X-7CVDfll 
[0 0 5 7] El4|Z^3L^T. Xf-^lg : 2(Z&Stt 

K£yB£3Kfia)CVD*f3> (*fcS/'j3>j!fx+K* 

11- 1 0 OMHzOSJittQJk 1 . 5 KWftALXf- 
[0 0 5 8] WfS]®ffi: 2 1IZ(*SS»a3S: 7*6<D 
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y 1 0 O MHz£>B®E ( 1 4 0 0 V p p ) 

*<#§£l. mmm: 2 o fca>iH(=j5«a***<»*-r 

<&o ASM: 2 0l4&«j£tlT!4l^l^<. 

< : 2 6l=cfcy 1 0 0MHz<DRIBai=»LTI*ttt6 

[0059] *fc*> 'J a >#XI4S£^3b<5£ < 

S*t4« 1 00MH2fl!>««afca»a>«ffll=J:yjfea>B 
3l=SLfc3SiS«£H«l::* l^x^j^L//<^$9| 
ML. *<bi/U=i>**xa)»«£ffijiLrftWtLfc7^ 
»(b*>y3>«*^©»K*«« 

a**iKH0)fiJ±£H*Ci:3E><-C#4o 9Mb 5/ »J 

a>*X<D»»3ft«ffiaiS*i*fc*!). «ttlLfc*>ya>t 

[0 0 6 0] *fc*-*ifc«^i4/\^/<x:7<;i/* : 2 

4t/W/»7^W : 2 6<&«{ftS«1S£H3ftrr6Jl 
a»O<SHaTf3&«2 0 0MHz|zRS-rsc:i:1? % ^ 

x*7 v— x a>i# o r 1 * & sp«»«tt^ & hi ad 1 

0OMt200 MCD;I-& LfeBMlzft y . ffiH3£fi*>< 

[0061] ^X-7cvD-e(*aaiSrtai=ti»<bi> 
y 3 >K4<jKja £ ft. c +1 p> jMMjMx-c / t * £ ;u t 
fey. ¥®ttSp a n ^^jg^*JiT:a)iSIIi:>S:o-Cl^o 
*Hi£0iJ*Ct4*IiS^ : 2 oa>WBffi|::/W7XBSR : 2 
5^&8 0 0KHz<DBH««I££BPJD-e#* CUxdcfciJ 
AH^t^x^S^^Mi:, JMb->ya>#X 

a>»»i=<fcy**Lfc"7^*i=j;y. ffl^S: 20^ 

**t4fctf>. J*««tM=ffl3iBrtfiBI=Btfft**\ /<— 

[00 6 2] *e>iz. *«^a>t5 1 ^<Di&<Dmmm^ 
[ o o 6 3 ] *-mmm<D&*mmzm 3 

[0 0 6 4] B5l=*5lvC % ttffilBB: 2 114*^® 

a : 2 i a . m$inm 2 1 bfr&«y, tti^Hon 

mt&mt: 3 0al=cky«EI=l6ll**lT*jy. * 
fc. ffttttt: 3 0bl=*y»BS: 2 0fc*IS«**lT 

-wx-iF+ifloMizttBHawB :3i, bb&b 
m i 3 .atfftttsjh/casy.. busies : 31 £Bia& 
s»: 3 2(*tt«3wr*tfcHi:fliaft (*ns£0"]-ei4 1 
00 mhz) £«±l, ^-n-iFiioaajzHian-rftjia^ 

[0 0 6 5] ttf|4<J10:«BBtt£8nna :21ai 

MiRim : 2 1 bizensD-rs^^rams : 2 1 a tttfa 

IS: 2 1 bO>flBl=l4BB««#W£i:*o fiffif 1 8 



o-a-T6Lfc*$. ®*&^<Bja&m^£*£T* 

<£>«> Ca&fiMfD^Jga&SS :3K 3 2<7>®2l£f!H] 
»t4Ct^ &[r)Q&: 2 1a. 2 1 bO>tUfrb§&± 

■r*BBa(Dttata«*i:aratta : 2 1 btass:: 

2 oa>m^&«^-r«XBaa>BBa«Aa)fids«» 

•r4'Ci:35<T»#. X*/^>$Tflyi. ^X7CVDBI 

3 1. 3 2<D«»*MirrSCfc^ «S££l::J:«et 

[0 0 6 6] Bl=. *"-*«S«TI4 2 6a>BBa«a[« 

ffll*-Cl*<5j!><. 1 ■&<D«aB*^6S*lRJfia :21a. 21 

[0 0 6 7] :?7X^ag:7a*xizoixT4i*-3S8fi 
^jT?l4x^T>^t CVD^cfi,oir|ftB^Lfcj5)<C4x|cK 
56Sii4tianM4fc<. BT-x*^uK;u*<»HttaB 

tl4M&3&^*4o 

[0 0 6 8] #-*ttM^I4:?^X^**fflBJH 

XBaKaa&ft** i o oMHzoif^i-oi^ri&Bjj lt£ 

fc. L3^LBa»l4C*ilzB36**i*ta>-CI43S:<. B 

&(4 2 0 MH z ia±t»fc*a 
[0 0 6 9] 
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